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Introduction
The determinants of unemployment duration are of high interest in social and applied economic research alike. A broad range of empirical and theoretical research in Germany is concerned with this topic. The empirical studies are based on different data such as surveys or administrative registers which have both advantages and disadvantages. See Biewen and Wilke (2005) registers. This often makes it impossible to compute the true length of the unemployment periods from this data, since unemployment is inherently a concept or, moreover, a social category, that is highly related to other labour market concepts like employment, inactivity, or being out of the labour market. 6 In applied research the results therefore likely depend on the underlying implementation of unemployment duration in the data. Indeed, there is already empirical evidence for this. See Fitzenberger and Wilke (2004) or Lee and Wilke (2005) for an evaluation of a reform of unemployment compensation on unemployment duration in Germany. In addition to the problem of partial identification of the true length of unemployment periods, we focus in this paper on the question how different legal definitions of unemployment can be implemented in register data.
In the next section, we first direct attention to international and national legal definitions of unemployment and their application. We take Germany as an example and show that the definition of unemployment is not stationary but a social category with different characteristics.
As reference we present international standardised unemployment rates, mainly based on the definitions of the International Labour Organisation (ILO), and the main German regulations for the support of unemployed stated in the Third Volume of the Social Code (SGB III).
Arising from this discussion, section 3 formulates six alternative concepts of unemployment.
These concepts are then implemented in the Sample of the Integrated Employment Biographies (IEBS). This data is individual merged register data containing periods of employment, claim of unemployment compensation, job seek periods and information about participation in labour market policies. Our empirical exercise is nontrivial given the complicated data structure and the massive amount of information in the data. Moreover, missing interval information and data inconsistencies make unique implementations of unemployment duration impossible. For this reason, we suggest several alternative approaches to the applied researcher. These implementations are available as Stata Do files (see http://doku.iab.de/fdz/reporte/2007/MR_03-07_Do-files.zip). Some simple descriptive analysis shows strong empirical evidence for considerable differences in the length of unemployment periods depending on the underlying definition of unemployment and their implementations in the data. In section 4 we discuss further problems with these data that we do not address in this work. Section 5 discusses the main findings of the paper.
International and National Concepts to Measure Unemployment in Germany
The international standardised unemployment rates, published by the Comparing the definitions of international standardised unemployment rates with German national unemployment rate gives an impression on the variety of the social category of unemployment.
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7 Furthermore, the BA tries to overcome some shortcomings of this definition by widening the scope, additionally using an internal definition of unemployment that includes time in labour market programs ("Dauer faktischer Arbeitslosigkeit"). 8 On the statistical differences of unemployment in European countries see Werner (1984) . On the U.S. concept and an adjustment of the Canadian and European unemployment rate on this concept see Sorrentino (2000).
International Standardised Unemployment Rates
The 9 . In absence of a formal work attachment -but fulfilling the criteria mentioned above (available and searching for work) -persons are counted as unemployed even independent from their primary activity status (i.e. student).
The unemployment figures published yearly by the ILO include registered unemployment, also published by the BA, as well as unemployment based on the German Microcensus, (ILO 1997) . From January 2005 on, the BA, in addition to publishing the number of registered unemployed, estimates and publishes unemployment numbers as defined by the ILO.
The Organisation For Economic Co-Operation And Development (OECD) abolished computing its own unemployment rates for the member states of the European Union in 1996 and took over the rates published by EUROSTAT. Nevertheless, the OECD is still calculating the numbers of unemployed persons for non-EU states. Both EUROSTAT and the OECD are using the ILO definition of unemployment, with the difference that EUROSTAT only includes private households in their European Labour Force Survey. This was also adopted by the OECD in 1999 for countries not covered by EUROSTAT for the purpose of comparison. This exclusion of people living in institutions leads, for example, to the fact that members of the armed forces living in barracks are included in the ILO definition but excluded in estimation by EUROSTAT and the OECD as part of the total labour force, the reference category of the 9 The proper statistical handling of persons on extended leave and seasonal workers were under discussion (ILO 1996 (ILO , 1998 standardised unemployment rate. Due to this change in OECD methodology and data, there were small differences in some countries between older and newer estimations (OECD 1999 Implicit from this definition we can conclude that persons who are not counted as unemployed are:
• more than marginally employed (more than 15 hours a week),
• not capable of or allowed to work (like individuals younger than 16 years),
• not available without convincing reason,
• not registered personally at the Federal Employment Service, do not show up again for longer than three months, or did not keep an appointment for several times without cogent reason , • taking part in active labour market policy measures (exception: short measures called "Trainigsmaßnahmen" before 2004), • resident only in a foreign country,
• unable to work because of illness which lasts longer than six weeks,
• doing military or compulsory service or are arrested,
• pupils, students or school leavers, who are looking only for professional training / formation, • foreigners without compulsory work permit (and persons seeking / granting asylum) including the members of their family (with or without receipt of benefits), if the labour market is closed for them, • on leave (i.e. parental leave)
• short-time working (with up to zero hours of working time)
• 58 years or more and not fulfilling the definition of unemployment in that sense, as they are allowed being not willing to endeavour all possibilities of ending the period of having no job or cannot take up work immediately.
Beside an enlargement of active labour market policies, the move from Labour Promotion Act to the Third Volume of the Social Code implied important institutional changes referring to registered unemployment (BA 1999a, p.54 
Since the 1 st of January 1998, any unemployed person receiving benefits has to personally renew the registration every three months. Not doing so automatically leads to a removal from the register. Exemptions are only given to older (over 55 years) and hard-to-place workers.
One side effect of this regulation is the lowering of long-term unemployment due (mainly) to short interruption, which occurs in the case of a belated renewal.
Furthermore, the definition of reasonable employment has been tightened up. While formerly a reasonable employment was defined by the occupation that the unemployed was qualified for, and the net wage a person earned before getting unemployed, now any work is considered reasonable. This leads to a downwards displacement in filling of vacancies from more to less qualified occupations and, therefore, in the composition of the qualifications of the registered unemployed, where the lower the qualification the higher the risk of becoming and staying unemployed.
Any registered unemployed individual is obliged to search for a job on his or her own. The
Federal Employment Service is allowed to ask for evidence of an active job search, such as letters of application, reading of newspapers or participation in interview with firms. If this evidence can not be given, an exclusion from the status of a registered unemployed and therefore the exclusion of the possibility of receiving unemployment benefits could come into force. In this context, it is worth noting that training measures can explicitly be used to check for the capability, readiness and willingness of taking up work.
Previous important changes took place in 1985, when two groups were excluded from being counted as unemployed: those who were unable to work because of illness, and persons with an age of over 58 years, who could receive an early retirement pension after the unemployment period.
The unemployment rate has been traditionally calculated as the share of the unemployed related to the civilian dependent labour force in Germany. Nowadays, the international more comparable form using the total civilian labour force as reference category is also reported for overall rates, but rates on selected groups of the labour market still generally exist with respect to civilian dependent labour force 11 . The reason for this is a technical one: While there is monthly data on dependent employment and unemployment available through the social security insurance register, the estimation of the number of overall employment (including self- anybody who is needy and capable of work, where both are interpreted in a household context. This refers also to concepts of labour reserve, hidden unemployment, hidden labour force and discouraged workers. In contrast to the former legislation, anybody who is in need of and wants to receive social benefits is presumed to be unemployed if he or she is able to work for at least three hours a day. This is also tested for any person living in the household who could be obliged to pay alimony or palimony. Therefore, discouraged workers are now a category depending on a reasonable maintaining in the household context. This change in legislation has had a clear statistical impact on the official unemployment numbers which are significant higher from 2005 ongoing. Table 1 highlights the main differences in the survey of the international standardised unemployment definition based on the ILO criteria and the national unemployment definition arising from SGB III respective their operationalisation.
Unemployment rate (BA, no.2): Unemployment as percentage of civilian labour force (civilian dependent labour force plus self-employment and family workers) = Unemployed / (civilian labour force) * 100 
The Concept of the Potential Labour Force
The composition of the unemployed is directly connected to the concepts of labour force. In the past 20 years, the concept of the "Stille Reserve" 16 to estimate the number of the potential labour force was always a matter of discussion, whereas today, mainly the statistical handling of persons in active labour market policy measures is questioned critically. The high number of participants in job creation, further training and retraining measures leads to a distortion of the unemployment rate through hidden unemployment. Aside from this, early retirement and underemployment, partially due to labour market policy measures like short-time work and partially due to unwanted part-time work wishing full-time work, are a major object of the discussion of extended unemployment rates.
The IAB brings these aspects together in defining the "Stille Reserve" as a whole as persons not in employment, who are looking for a job without being registered as unemployed. One part is comprised of jobless people in labour market policy programs, especially in full-time factor beside a general underestimation of long-term unemployment (Auer 1984 , Karr 1997 17 Recently, the BA developed a concept of unemployment including participation periods in labour market programms, which also indicates a retrospective sum of periods rather than a status at a point of time and is calculated in two versions as the time of being unemployed including periods of participating in active labour market policy measures. While one version also includes periods of subsidized work, this is not the case in the second version.
• periods without the legal basis to take up employment • short interruptions without certification of a reason.
The following section deals with several concepts, which periods should be included into the calculation and which periods should be counted as interruption.
Concepts for the Implementation of Unemployment Duration
We now establish general links between the different definitions of unemployment and the actual calculation of unemployment duration. Based on the general information available in German register data, unemployment duration can be measured according to one the following concepts:
1. Concept 1: Each uninterrupted unemployment period shown by the administrative record. In the following we illustrate these rather theoretical concepts by using a fictitious individual employment history that may occur in real data. In particular, we illustrate how the foregoing concepts are implemented to determine the status of unemployment and to calculate its duration. The following figure presents some -partially parallel -spells of different labour market states over seven time periods. In real data these spells were in fact merged from different administrative registers and would have different lengths. The figure shows the resulting unemployment spells derived from the above six concepts. It is evident that the resulting number of unemployment spells and their duration differ across the concepts as we obtain two to three unemployment spells and the cumulative unemployment duration ranges from two (concept 3) to six (concept 6) periods. The length of the last unemployment duration varies between one (concept 1 to concept 5) and five (concept 6) periods. 
= Resulting unemployment spells

Empirical Evidence
In our empirical exercise we are implementing the above six concepts in merged administrative data from Germany. In addition we compare our results to two benchmark proxies for unemployment which were used in the former literature on unemployment using this data. In our empirical analysis we use the IEBS which are made available for scientific use by the research data center of the FES (FDZ). 18 They include information on dependent employment clusively in order to focus on a period for which all registers are available. The key properties of our sample are described in Table 2 . While implementing the six concepts using this data set, we face certain problems such as data inconsistencies and missing interval information. Data inconsistencies due to unfeasible overlapping of register information have already been extensively analysed by Jaenichen et al. Since there are several ways to deal with the present data problems, we present different approaches to implement the above six concepts in the German register data. In a first step the researcher has to decide which administrative information is used as the core information for an unemployment period, since BewA and LeH provide sets of unemployment information which are related to the receipt of unemployment compensation or to job seeking activities.
For this reason it has to be defined from which source the unemployment information is taken: BewA, LeH or from both (BewA+LeH). The choice should be made according to the specific research question at hand. When we are interested in some economic effects of unemployment benefits, the LeH may be sufficient. Using only BewA may be useful for analysing registered unemployment. To get most comparable results of unemployment, using information from both BewA and LeH may be the right decision. With this paper we provide program code for both approaches, but we decided to focus the following analysis to unemployment information taken from the BewA only. This is only done for reasons of simplifaction and does not mean that using the BewA information is more suitable for empirical analysis.
In order to implement the above six concepts, the researcher has to make further decisions:
How to deal with parallel employment information?
In case of parallel full-time or part-time employment and unemployment information, the researcher has to decide if the information is assessed as employment or unemployment. While there are some regulations that allow registration as unemployed parallel to dependent employment, this, for example, could be interpreted as underemployment (see also chapter 2.3).
How to deal with training measures, illness or out of the labour force information?
In a second step the researcher has to make a decision about the unemployment-status of periods of training measures, illness or out of the labour force. Here we face similar questions as when analysing employment. In general (short) illness is not shown by register data on employment spells and therefore it is not counted as an interruption.
While some "training measures" in Germany are used to check for the readiness to engage in work, others are used to train unemployed persons to write a letter of application or give them practical advice in direct connection to a subsequent job. Further vo-cational training can range from short modules of several weeks to long term measures lasting two years or more, providing a recognized vocational qualification.
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In the first step -how to deal with parallel information -the researcher has to choose among three possibilities:
1. Implementation A (based upon concept 1):
Each uninterrupted unemployment period shown by the administrative record, i.e., each uninterrupted BewA spell, including those with parallel BeH-spells, are considered as unemployment spells.
Implementation B (based upon concept 2):
It includes each uninterrupted unemployment period shown by the administrative record, corrected for periods of dependent full time employment, i.e., all uninterrupted
BewA spells except for those with parallel BeH-spells coming from a full time employment. If a parallel BeH-spell comes from a full time employment, the spell is considered as an employment spell, if it comes from a part time employment, it is considered as an unemployment spell (the variable used to identify full time or part time employment is "Erwerbsstatus"). Based on Waller (2007), we implement two alternative approaches to define the end date of a labour market policy measure which we call a) the "naïve concept" and b) the "standard concept". See Appendix A for more details on these impelementations. In this paper we focus on alternative b). The results of implementation a)
can be taken from an internet appendix.
21 This implementation may be considered as somewhat crude because in many cases such overlapping periods correspond to employment subsidies with focus on the second labour market (e.g. ABM, SAM). It would also be plausible to define these cases as unemployment, but we decided to not distinguish at all between different types of labour market measures in order to keep the number of implementations manageable. As with any other analysis, a decision about this is in the responsibility of the researcher.
The following figure presents the differences in the median unemployment lengths depending on which implementation is chosen: Additional information about the participation in active labour market policy measures can be found in the "Maßnahme-Teilnehmer-Grunddatei" (MTG). This information offers the possibility of defining further refinements of unemployment (please note that the MTG only contains information about the main policy measures funded by the Federal Employment Agency). In the second step there are again three alternatives:
1. Implementation I (based upon concept 4 of the previous chapter):
Spells with information about the participation in active labour market policy measures are also considered as unemployment spells.
Implementation II (based upon concept 5):
Spells with information about illness are also considered as unemployment spells. These periods can be directly identified from the BewA or they are identified using the variable on the reason for leaving and entering the registered status of unemployment.
3. Implementation III (based upon concept 6):
Periods without any information about the employment status of an individual are considered as unemployment periods. We have to keep in mind, though, that people who cannot even be found in the data set could be unemployed according to this concept.
The different implementation strategies are summarized in table 3. Depending on the question, the one has to choose which concept best corresponds with his analyses. In order to illustrate the importance of each of the decisions, we present exemplarily the different outcomes of the median length of unemployment for males. 23 For this purpose we hold constant all the remaining decisions, except the one in question:
• Information is taken from BewA
• We consider unemployment spells with any kind of parallel employment information as unemployment (Implementation A); • Training measures are also treated as unemployment periods (Implementation I);
• The duration of the length of a labour market policy measure is determined using the 23 Moreover, we use seven days as the maximum tolerated interruption length, because there is some evidence that short interruptions could be caused by minor failures in the data generating process. Also, official calculation of unemployment duration tolerates interruptions caused by short employment. Since results are likely to depend on the chosen value, it can be set as a parameter in our STATA code. The distinction (A/B/C) offers three different implementations of unemployment. Based upon these three definitions and using information from the MTG, we can combine the three refinements (A/B/C, I/II/III, and a/b) among each other in order to get, e.g., A-I-a or C-II-b.
This leaves altogether 21 different definitions of unemployment based upon the concepts 1 to 6 from the previous chapter. These 21 definitions can be computed using LEH, BewA or both as the core information of the unemployment period. Our implementations therefore yield 63 definitions of unemployment in the IEBS.
Even though the differences in the median length in the examples presented above are already remarkable, they still are comparably small to those if more than one of the decisions is changed. Figure 4 presents the maximum difference in median duration for males over all implementations discussed in this section (see also figure 6 in Appendix C where we alternate over a variety of stratifications such as sex, age, east/west, etc.). Before we discuss the descriptive statistics for the different implementations, two additional proxies for unemployment in the IAB data are introduced. These proxies are based on the information content in the IAB employment sample (IABS) and they have already been used in the econometric literature (see e.g. Wilke, 2004 or Lee and . The following figure presents the median length of unemployment for males according to the example discussed above (males, AIb (BewA)) and the two benchmark proxies NE and UPIT: Both proxies for unemployment are conditional on a preceding employment period. This is an important difference compared to the concepts described earlier in this section. Conditioning on a foregoing employment period has two main implications: First, it restricts the set of unemployment periods to those who were just transiting into unemployment, while it excludes individuals with a loose labour market connection and any employment spell. Second, by conditioning on an observed employment period in the data, the sample of unemployment spells becomes more representative with respect to transitions from socially insured employment into unemployment. Thus, problems of sample selection do not apply.
A long list of descriptive statistics for all different definitions based on the IEBS from In the following we briefly discuss how the different definitions of unemployment are related in terms of unemployment duration, since the different implementations imply a certain ordering. Table 4 shows the resulting ordering for a given unemployment period. 
Length of unemployment
1. Implementation A results in a longer duration compared to implementation B and C, the latter yields the shortest duration. This is due to the fact that the implementation A includes all unemployment periods shown in the administrative data, regardless of any kind of parallel employment information. Following implementation B or implementation C, a parallel full time employment or any kind of parallel employment, respectively, leads to an interruption and thus to a shorter unemployment spell.
2. Implementation I is shorter than II because it excludes periods of illness. Implementation III yields the longest unemployment duration because it also includes out of the labour force periods. In many cases implementation III merges two or more durations according to implementations I and II.
3. Implementation a treates the end of a policy measure as the end of unemployment while according to implementation b, unemployment ends when an employment starts.
Therefore, the spell length in the latter case is shorter.
4. Since the NE proxy relies on weaker requirements than UPIT in terms of tolerated interruption length, the observed unemployment spell is longer in the first than in the latter case.
Marginal distributions of unemployment duration for the implementations may not possess this ordering because of different number of observations. It is less clear to rank implementations according to their number of observations. It is, however, evident from the tables in the appendix that there are in any case several hundred thousand observations which are more than enough for an empirical application. Since NE and UPIT require foregoing employment periods, they have the least observations.
Finally we remark on the notion of censoring in the computed unemployment periods. Contrary to the two benchmark proxies NE and UPIT, censoring is only at the start and the end of the observation period (1. 1.2000 and 31.12.2003) . Note that this notion of censoring differs to those of NE and UPIT: There, left censoring is impossible because it requires the observed transition from employment to unemployment. Right censoring is not only due to the end of the data, it is also at the end of income transfers if there is no observed transition to employment. This reflects that unobserved periods impose some uncertainty in the length of the true unemployment period which is not observed. Since in a variety of applications there are still not estimators ready for use which are able to deal with left censoring in an appropriate manner, left censoring may cause difficulties in applied empirical work.
Further Topics
In addition to missing or conflicting spell information, the applied researcher faces the problem that registers of the social insurance system are typically not representative with respect to the whole population. In order to appear in an administrative record, one needs to be in contact with one of the relevant data generating administrations. In Germany, this is unlikely the case for self employed civil servants and other individuals who never contributed to the national insurance system. It implies that during a period of unemployment these individuals are likely to be ineligible for income transfers from the FES. While these unemployed consider themselves unemployed, they may not register as job seekers as they do not consider this beneficial for them. For this reason, the BewA is not representative because appearance in this register depends on a subjective choice without evident financial implications. Hence, such sample selection issues should also to be taken into account when working with this data. A non-representative sample of unemployment spells cannot be considered as a random sample and results of statistical analysis may be biased. This is in particular the case if selection is not independent of the variable we try to explain. This may prevent the researcher from consistently estimating the causal effect of policy interventions using this data. Since the degree and the kind of selectivity are unknown, we cannot suggest a general solution to this problem. We think, however, that for some specific empirical questions one may create samples which are (almost) representative. This is, for example, the case if one conditions the sample of unemployment spells on those which have foregoing employment durations with a minimum length before unemployment 24 and to relate unemployment periods to the receipt of income transfers.
The two benchmark definitions NE and UPIT proceed in this way. Questions related to the receipt of unemployment benefits can be analysed quite well with this data. Their application fields are, however, limited to quite specific empirical problems and in many problems it may not make sense to use them in applied analysis.
Discussion
In this paper we discuss several theoretical and legal concepts of unemployment. As a consequence, the labour market state and the duration of an unemployment period depend on the nature of the concepts. This is likely to cause difficulties for applied research on unemployment, since results may depend on the definition of unemployment.
Given the theoretical notions of unemployment we focus on the question how the labour market state unemployment and the duration of unemployment can be defined in real world data.
In our empirical work we use the Sample of the Integrated Employment Biographies (IEBS), which is the German merged administrative individual data. In addition to two well known benchmarks, we develop more than 60 different implementations of unemployment in this data. A short descriptive analysis shows considerable differences in the number of unemployment spells and in the length of unemployment periods, which provides evidence for the importance of our work. Our implementations are available for users of this data from the Research data centre of the FES (fdz.iab.de). They are provided as ready for use Stata do files.
Given the theoretical concepts and the data at hand, we face several difficulties: In some cases the legal definitions of unemployment cannot be exactly implemented because not all necessary information is available in the data, e.g., the true unemployment duration according to a theoretical concept cannot be exactly identified from the data. For this reason we use several variants of the implementation that take this difficulty into account. Our implementations therefore provide alternative unemployment classifications in the data. 24 To be eligible for the receipt of unemployment compensation from the FES, one needs to be at least once employed for a minimum duration during a claim period which can be more than 5 years depending on the age of the unemployed and the specific legal conditions in force. This condition may not be satisfied for young unemployed just starting their career. For this reason the sample of NE and UPIT is also not representative with respect to all transitions from employment to unemployment.
Unobserved periods in the employment trajectories are an important weakness of this data, which may cause a variety of problems in applied analysis. It requires careful judgement of whether an empirical question can be solved despite the difficulty and which definition of unemployment seems to be most appropriate. Indeed, our descriptive figures reveal remarkable differences in the number of observations and in the length of unemployment across the implementations. This provides additional motivation for the content of this work. Future work may address the question whether missing information or differences in the length of unemployment periods across the implementations are random or whether they are correlated with observable variables.
Our work delivers more than 60 different implementations of unemployment in the data. This is already quite comprehensive and we think that we have addressed several important topics.
There is, however, further scope for interesting extensions. For example, one could define finer classifications which distinguish between the type of the labour market measures. This is important because labour market programs are heterogeneous in their purposes.
